Freezing of gait (FOG) is experienced by a significant number of patients with Parkinson's disease (PD). e pathophysiology of this disabling motor symptom remains unclear, and there are no effective therapies. Anxiety has previously been posited as a contributing factor to gait freezing. ere have been few studies directly investigating this topic, and a comprehensive literature review is lacking. e objective of this paper was to systematically review the evidence associating anxiety with the presence, severity, and progression of FOG in PD patients. e PubMed, EMBASE, and PsycINFO databases were searched up to September 19, 2018, for English-language, peer-reviewed articles that explored anxiety and FOG as outcome measures in a PD population base. Review articles, case reports, and articles that assessed gait disorders other than FOG were excluded, yielding a total of 26 articles in the final analysis. Of these 26 studies, 16 had a significant relationship between anxiety outcome measure and either presence or severity of FOG. ere was great variability among studies in terms of outcome measures for both FOG and anxiety. Despite this heterogeneity, most studies relate anxiety and FOG. Standardized, high-validity outcome measures of anxiety and FOG are needed. Future exploration should aim to clarify the role of anxiety in FOG as a causal factor, pathophysiological marker, and manifestation of a common pathophysiological process versus a consequence of FOG itself. Clarifying the relationship between anxiety and FOG could reveal anxiety reduction as a therapy for FOG.
Introduction
Parkinson's disease (PD) is a neurological movement disorder characterized by four cardinal motor symptoms: bradykinesia, rigidity, resting tremor, and postural instability [1] . It is a progressive disease with no cure and no current disease-modifying therapies [2] , and 60-80% of dopamine-producing neurons in the substantia nigra pars compacta degenerate over the course of the disease, leading to substantial dopamine reduction in the dorsal striatum and the aforementioned motor symptomatology [3] . ese motor symptoms progress in severity, eventually leading to diminished ability to perform basic activities of daily living. Pharmacological dopamine replacement therapy is used to mitigate disabling PD motor sequelae, helping preserve quality of life in the earlier stages of PD, but ultimately produces disabling side effects at higher doses which renders this treatment undesirable in the later stages of PD [4] . PD is further characterized by additional motor (i.e., gait freezing, poor balance, and speech disturbances) and nonmotor (i.e., depression, anxiety, sleep disturbances, and fatigue) symptoms [5] .
Freezing of gait (FOG) is a particularly debilitating motor symptom experienced by 50-80% of PD patients [6, 7] . e third item on the Freezing of Gait (FOG) Questionnaire reads as follows: "Do you feel that your feet get glued to the floor while walking, making a turn, or trying to initiate walking (i.e., freezing)?" [8] . is item functions as a reliable screening tool for the presence of FOG. Intermittent in nature, experienced at later disease stages by 47% of PD patients at least bimonthly [6] , episodes of FOG increase susceptibility to falls, limit mobility, and reduce quality of life [9] . Much remains to be learned regarding the pathogenesis of FOG. A small but growing body of research indicates several variables likely contribute to this phenomenon, including PD motor phenotype, cognitive load, emotional stimuli, and environmental factors [9] .
Anxiety is a common, nonmotor symptom of PD, experienced by anywhere from 40% to 69% of Parkinson's patients [10, 32] . PD is often preceded by a prodromal state of anxiety, with presence of anxiety positively associated with intensity of motor impairments in PD [10] . Previous studies have examined the interrelationship between anxiety and motor symptomatology in PD, but the link between anxiety and FOG in PD is not well characterized.
e aim of this literature review is to explore the degree to which anxiety in PD is associated with eventual development and/or severity of FOG specifically. Exploring scientific consensus regarding the relation between anxiety disorders and FOG in PD might reveal insights into the pathophysiology of FOG and may suggest treatment options for FOG not previously explored. As no current literature review exists for this topic, this paper serves as a benchmark in framing the current scientific understanding of anxiety's relationship to FOG, thereby facilitating future research directions and treatment discoveries.
Methods
A systematic review of the PsycINFO, EMBASE, and PubMed databases was performed to uncover studies published before September 19, 2018 , in which both anxiety and FOG in PD were quantified and compared. To generate an initial list of articles, the following search criteria were applied to each database: ("Parkinson's disease" OR "Parkinson disease" OR "Parkinson's) AND ("Anxiety" OR "Generalized Anxiety Disorder" OR "Panic Disorder" OR "Anxiety Disorder" OR "Panic Attack") AND ("Freezing of Gait" OR "Gait Freezing").
A total of 138 articles were found from the initial database search: 32 on PsycINFO, 73 on EMBASE, and 33 on PubMed. English-language, peer-reviewed studies investigating factors of anxiety and FOG in patients with a confirmed diagnosis of PD were included in this review. Articles were excluded if they did not document and compare anxiety and FOG as outcome measures, or if they assessed festination/other gait disorders only and did not clearly also provide measures of FOG. Additionally, reviews, case report articles, and conference abstracts were excluded from this analysis. See Table 1 for the list of inclusion and exclusion criteria. e PRISMA Statement was used to guide the systematic literature review. Figure 1 shows a flow chart of the study retrieval process.
Results
Our search revealed studies that were quite heterogeneous in terms of demographics, anxiety measures, and FOG measures. e details and findings of each study are summarized in Table 2 .
Demographics.
Our analysis examines research from 11 countries with a combined total of 3,963 PD patients. All studies included were conducted within the last 12 years, with 20 of the 26 published between 2014 and 2018. is recent influx of research speaks to the increased awareness of the relation between anxiety and FOG in PD. Nine of the included studies used age-matched controls: [24, 30, 31, 36, 37, [39] [40] [41] 43] .
Measures of Parkinson's Disease. Participants in all 26
studies had a confirmed diagnosis of PD by a licensed neurologist.
e severity of PD was estimated with the Unified Parkinson's Disease Rating Scale-Motor Subscale (UPDRS-III) for all patients in each of the studies included in this review.
Measures of Anxiety

Hospital Anxiety and Depression Scale-Anxiety Component (HADS-A).
Eleven studies employed the HADS-A to quantify anxiety levels.
e HADS is a 14-item self-assessment scale developed to detect depression and anxiety in the hospital setting [11] . e anxiety component consists of 7 items with scores ranging from 0 to 3, with 0 being the lowest anxiety level and 3 being the highest, for a range in score of 0-21. . Only 1 study used a subset of the PDQ-39 as an outcome measure for anxiety, specifically Items 21 and 9 which read as follows: "During the last month have you felt anxious?" and "During the last month have you felt frightened or worried about falling over in public?" [16] . Scores on these items ranged from 0 to 4 (0 � never, 1 � occasionally, 2 � sometimes, 3 � often, and 4 � always), with Item 21 used as a general measure of anxiety and Item 9 used as a subjective measure of anxiety during walking [42] .
Parkinson's Disease Questionnaire
Parkinson's Anxiety Scale (PAS).
Only 1 study utilized the PAS as an outcome measure for anxiety (n � 1). e PAS is a 12-item observer-or self-reported scale that is composed of 3 subscales: persisting anxiety (5 items), episodic anxiety (4 items), and avoidance behaviour (3 items). e PAS is scored on a scale of 0-4, with 0 representing "not or never" and 4 representing "severe or almost always," and the score range is from 0 to 48 [29] .
Measures of FOG.
e studies included in the review are particularly heterogeneous in their approach to assessing FOG. Various combinations of the Freezing of Gait Questionnaire (FOG-Q), convincing subjective reports of the FOG phenomenon and/or direct observation of FOG by an experienced clinician/researcher, were used across studies Parkinson's Disease 7 Parkinson's Disease 9 (ii) A trend towards significance was exhibited for freezers compared to nonfreezers in terms of higher PDQ (ii) FOG items 3-6 score used to assess FOG severity (with the exception of [22, 23, 32, 34] , which used Item 14 of the UPDRS-II as their measure of self-reported FOG). e entire FOG-Q is a 6-item questionnaire with 4 questions specific to FOG severity and 2 questions about general gait difficulties, with responses graded on a 5-point scale from 0 to 4 [8] . e 3rd item of this questionnaire (Do you feel that your feet get glued to the floor while walking, making a turn, or trying to initiate walking (i.e., freezing)?) is often used alone, with a score ≥1 meeting criteria for FOG in several studies. Six studies implemented a new version of the Freezing of Gait Questionnaire (nFOG-Q) that was designed by Nieuwboer et al. [17] to better assess FOG severity in PD patients which was largely based on the original FOG-Q. e nFOG-Q adds an additional item to the beginning of the FOG-Q that "allows FOG detection and exclusion of patients without the symptom from the actual scoring of FOG severity and impact" [17] and a video presentation demonstrating variants of FOG for patients/caregivers. Ehgoetz Martens et al. [29] implemented a newly designed Characterizing Freezing of Gait questionnaire (C-FOG)-a 35-item self-reported scale divided into 4 sections: severity, triggers, strategies (to reduce or overcome FOG), and other types of freezing (i.e., upper limb freezing) [29] . Based on the C-FOG responses, PD patients with FOG are further divided into asymmetric motor, anxious, and sensory-attention freezing subtypes.
Objective measures of FOG were also collected during some experimental paradigms through either virtual reality paradigms, gait tasks, positional sensors, or some combinations thereof.
Positive Studies.
Sixteen of the 26 studies demonstrated a significant relationship between their respective anxiety outcome measure and FOG presence and/or severity, therefore meeting criteria for a positive result. However, the studies differ extensively in their methodology including different anxiety measures, study design, and FOG quantification. eir details are given below.
Zhang et al. [18]: A ree-Year Prospective Longitudinal Study in a Chinese Population.
ere was no significant association between the total HAMA, HAMA Somatic Anxiety, and HAMA Psychic Anxiety baseline scores and development of FOG 3 years after study. In contrast, the HAMD Anxiety/Somatic score was significantly higher in PD patients with FOG than that in PD patients without FOG 3 years after study. Further binary logistic regression revealed that the HAMD Anxiety/Somatic score was significantly associated with FOG development 2 years later, but not 1 year later or 3 years later. Ultimately, the study concluded no significant associations between HAMA scores and FOG but discovered higher scores on the HAMD Anxiety/Somatic subscale were significantly associated with the presence of FOG 2 years later. Risk factors for the development of FOG changed yearly in this patient population and comprised a combination of nonmotor and motor symptomatology.
Ehgoetz Martens et al. [19]: A Prospective Longitudinal Study Conducted on a Larger Cohort of Cases in an Australian Population.
e mean HADS-A score in PD + FOG was significantly higher than that in PD-NF, with a significant main effect of group observed.
is group effect remained significant with additional covariate analysis using the UPDRS-III score, mean PD duration, and MMSE score as covariates. In contrast, the mean HADS-A score in PD + mild FOG was not significantly different from that in PD + FOG. A significant correlation between the severity of anxiety symptoms and FOG-Q3 scores emerged across all groups.
Further analysis to assess the predictive value of the HADS-A score for the presence of FOG in PD involved merging the original PD + mild FOG and PD + FOG groups into one single PD + FOG group, with the original PD-NF group remaining intact during comparison. is final analysis revealed a positive predictive value of 28.26% for identifying patients with FOG and a negative predictive value of 89.61% for identifying patients without FOG.
is study concluded a significant relationship between anxiety and presence of FOG and implicated anxiety as a potential biomarker for FOG development in PD patients.
Walton et al. [20]: A Cross-Sectional Analysis of Baseline Assessment Data from the University of Sydney's
Parkinson's Disease Research Clinic. HADS-A scores were significantly correlated with FOG severity. e study's main conclusion centred on self-reported FOG as a significant independent contributor to quality of life in PD and evidenced a statistically significant relationship between anxiety and FOG severity through self-reported measures.
Ou et al. [21]: An Observational Cross-Sectional Study in a Chinese Population to Explore the Prevalence and Clinical Correlates of FOG.
In analysis of covariance adjusting for age, disease duration, and H&Y stage, the total mean score on the HAMA for freezers was significantly higher than that for nonfreezers. A binary logistic regression analysis indicated no significant correlation between the HAMA anxiety score and FOG. Notably, age-and disease duration-adjusted ANOVA indicated that the freezers had lower total scores on the MMSE and Montreal Cognitive Assessment compared to nonfreezers, and lower MMSE scores were not excluded from the final analysis. e study ultimately concluded that while mean HAMA anxiety scores were significantly higher in freezers than those in nonfreezers, HAMA was not a significant clinical correlate related to FOG.
Burn et al. [22]: An Observational Cross-Sectional Study in a UK Population at Sought to Identify Associations between Phenotypic Variants of Motor and Mood Subtypes in PD.
e mean total HADS-A score in freezers was significantly higher than that in nonfreezers, with a significantly higher proportion of freezers meeting the HADS-A ≥ 11 criteria for anxiety compared to nonfreezers (20%). Follow-up logistic regression analysis revealed that an HADS-A score ≥11 (Class 3) was not significantly predicted by FOG status.
3.5.6. Lieberman [23] : An Observational Cross-Sectional Study in a US Population to Study the Association between Anxiety, Depression, and Panic Attacks in PD Patients with FOG. Freezers in this study population had significantly higher HAMA scores compared to nonfreezers. Additionally, panic attacks were significantly increased in freezers compared to nonfreezers. Ultimately, FOG presence in PD was significantly associated with anxiety and panic attacks in this study.
Yao et al. [24]: A Case-Control Study in a Chinese Population Investigating Whether Cognitive Impairment Was
Correlated with FOG in PD Patients. After adjusting for age, no significant differences were found between HAMA total, HAMA Somatic Anxiety, and HAMA Psychic Anxiety between freezers and nonfreezers, but the HAMD Anxiety/ Somatic score was significantly higher in freezers than that in nonfreezers. Spearman's rho correlation between HAMD-A and nFOG-Q demonstrated severity of FOG positively correlated with higher anxiety subscale scores within the FOG subgroup. ough the study indicated no significant relationship between HAMA and FOG in PD, the HAMD Anxiety/Somatic score was significantly related to FOG status. A hierarchical clustering analysis was utilized to identify subgroups of participants with similar responses to rasagiline therapy based on FOG frequency and duration. Subsequently, participants were divided into the following three groups following treatment with rasagiline: improved (n � 6), worsened (n � 5), and no change (n � 3).
Rahimi et al. [25]:
ere were no significant differences in pre/posttreatment BAI scores, or overall count and duration of FOG episodes.
e high variability in individual scale scores led to null effects across measures.
As the no-change group did not exhibit any episodes of FOG, they were excluded from follow-up bidirectional elimination-stepwise regression analysis (thereby avoiding floor effects) to identify the clinical variables which predicted reduction in frequency of FOG events after treatment. Higher BAI scores proved to be a statistically significant predictor of FOG worsening following rasagiline therapy, and the final predictive model explained 99% of the variance between the improved and worsened groups as a function of treatment with rasagiline.
Ehgoetz Martens et al. [26]: A Longitudinal Study
Conducted in an Australian Population. HADS-A scores increased significantly from baseline to follow-up across all 3 groups, and both continuing and transitional freezers had significantly greater mean HADS-A scores compared to nonfreezers at baseline and follow-up. Correlational analysis revealed HADS-A scores were significantly associated with FOG-Q total scores.
A predictive model was constructed with FOG-Q total and HADS-A among the 7 predictive variables included, the overall predictive success of which was 84% (correctly classified 69.6% of transitional freezers and 90.4% of nonfreezers). Since FOG-Q total and HADS-A were the strongest predictors identified in this model, a subsequent model was constructed that only included these two variables to enhance clinical relevance. is final model was able to correctly identify 64.9% of patients who developed FOG and 90% of patients who remained nonfreezers with an overall predictive success of 82.1%. e study concluded that anxiety was a crucial variable to consider in accurately predicting the onset of FOG in PD patients and suggested HADS-A scores may be a useful screening tool for clinicians to identify patients at risk for FOG development.
Ou et al. [27]: A Longitudinal Study in a Chinese Population to Evaluate Clinical Predictors of FOG.
In this sample, significantly higher mean HAMA scores at baseline and follow-up were observed in freezers compared to nonfreezers; however, the annual change in the HAMA score did not differ significantly between the two groups. Ultimately, the HAMA score was not determined to be a significant predictor of FOG development in this cohort, though HAMA scores were higher in freezers.
Ehgoetz Martens et al. [28]: An Experimental TaskBased Functional MRI Study in an Australian Population to Investigate the Neural Heterogeneity of Freezing of Gait.
Higher degrees of functional connectivity between the limbic network and the ventral striatum as well as the cognitive control network (comprising the anterior cingulate cortex, dorsolateral prefrontal cortex, and posterior parietal cortex) during freezing episodes were observed compared to normal foot tapping. Higher HADS scores were associated with this increased coupling. Anticoupling among the cortical and subcortical regions of the limbic network (and within the subcortical limbic region itself ) was also noted during freezing relative to normal foot tapping, and this degree of anticoupling was also associated with a higher HADS score. Subcortical regions of the limbic network demonstrated tight coupling to the dorsal caudate (whereas the cognitive control network and the dorsal caudate nucleus were anticoupled). Lower HADS scores corresponded with less functional connectivity between the cortex and striatum. Ultimately, the study concluded that three unique phenotypes of gait freezing exist (cognitive, motor, and limbic), with functional neuroimaging of the limbic corticostriatal pathway suggesting a distinct limbic phenotype of FOG that was related to HADS scores.
Ehgoetz Martens et al. [29]: An Experimental Study Performed in an Australian Population to Characterize Subtypes of Freezing of Gait with a Newly Generated FOG Questionnaire (C-FOG).
Higher mean PAS scores were observed in the anxious subgroup compared to the asymmetric-motor and sensory-attention subgroups. e study concluded that distinct freezing phenotypes could be identified using the C-FOG, with significantly higher PAI scores characterizing the anxiety subgroup.
Vandenbossche et al. [30]: A Belgian Study Investigating Executive Functioning and Attention in PD Patients with FOG.
e HADS-A was significantly associated with nFOG-Q total scores. e study concluded that an impairment in conflict resolution was significantly associated with FOG in PD and evidenced a significant correlation between FOG severity and HADS-A scores.
Kostic et al. [31]: An MRI Study in a Serbian Population to Explore Patterns of Grey Matter (GM) Tissue Loss in PD Patients with FOG.
Mean HAMA scores were higher in PD-FOG than those in PD-noFOG and healthy controls. Ultimately, the study discovered a pattern of GM atrophy in the frontal and parietal cortices associated with FOG presence and reported significantly higher HAMA scores in PD patients with FOG.
Ehgoetz Martens et al. [32]: A Canadian Study Where Anxiety Was Induced via a Virtual Reality Apparatus and the Presence/Severity of FOG Subsequently Measured in PD Patients Both on and off Dopaminergic Medications.
e primary outcome measure that quantified FOG was the percent of each trial frozen, with freezers spending a significantly greater portion of time frozen in the high condition compared to the low condition. In addition, freezers exhibited significantly higher numbers of freezing episodes in the high condition relative to the low condition, but no significant differences in the duration of freezing. Concomitantly, freezers self-reported significantly higher levels of anxiety during the experiment compared to nonfreezers, with both groups reporting significantly higher levels of anxiety in the high condition compared to the low condition. Anxiety severity was significantly higher when freezers were tested off their dopaminergic medications compared to on medications, and none of the FOG variables were statistically compared between medication states secondary to the limited dataset and lack of variance.
is study concluded that anxiety plays a causal role in FOG. By manipulating anxiety-inducing condition via virtual reality, Ehgoetz Martens et al. [32] were able to elicit over 300 freezing episodes in 85.7% of PD patients with FOG-a feat previously unheard of in the literature. e high condition resulted in a significantly higher number of FOG episodes and percentage of time frozen compared to the low condition in the freezing population, with freezers reporting significantly higher levels of anxiety compared to nonfreezers. Neural correlates were inferred based on these findings in conjunction with prior neuroimaging studies of FOG patients, which implicated disrupted emotive processing in the ventral striatum and anxiety-induced limbic overactivity as potential mechanisms underlying FOG.
Pimenta et al. [33]: A Cross-Sectional Study in a Brazilian Population Examining the Relationship between
Anxiety and FOG in PD. HADS-A scores were significantly higher in freezers than those in nonfreezers, and HADS-A scores were significantly correlated with both FOG-Q3 and FOG severity. HADS-A scores ≥8 were determined to accounting for 38% of the variance in FOG severity scores in this study population. e study concluded that the HADS-A was an independent contributor to FOG severity and recommended routine anxiety evaluations in PD patients presenting with FOG.
Negative Studies.
Ten of the 26 studies evidenced no significant relationship between their respective anxiety outcome measure and FOG presence and/or severity, therefore meeting criteria for a negative result. Once again, the studies differ extensively in their methodology including different anxiety measures, study design, and FOG quantification. eir details are given below.
Perez-Lloret et al. [34]: An Observational Cross-Sectional Study Conducted in France to Determine the Prevalence of FOG in a Sample of PD Patients and Assess Its Relation to Quality of Life-Related Clinical Correlates (including Anxiety)
. No significant differences in HADS-A scores between freezers and nonfreezers were found. e study ultimately concluded that FOG in PD patients correlates with reduced quality of life, disease severity, cognitive deficit, and exposure to antimuscarinics, but no correlation was found with presence of anxiety in this study population.
Hall et al. [35]: A Cross-Sectional Analysis of Baseline Assessment Data Gathered from a Larger Cohort of Cases at the University of Sydney's Parkinson's Disease Research Clinic from 2008 to 2015.
ough the mean HADS-A score was higher in freezers than that in nonfreezers, this difference did not prove to be statistically significant following Mann-Whitney's U-test.
e study concluded early-stage PD patients with FOG had increased nontremor motor features (speech, swallowing, facial expression difficulties, etc.) and selective impairments of working memory/attentional set-shifting, but not significantly increased anxiety levels compared to nonfreezers in this study population. e study concluded that affective theory of mind was impaired in the PD-FOG+ group compared to the PD-FOG− group, but no significant differences for selfreported anxiety were apparent.
Rubino et al. [38]: An Italian Study Examining Differences in Grey Matter Volume (GM) between PD Patients with and without FOG.
e mean HAMA score was higher in the FOG− group than that in the FOG+ group, but this difference was not statistically significant. e study localized the posterior parietal cortex as a site of cortical volume reduction in FOG+ participants relative to the FOG− group, but these groups did not differ significantly in their HAMA scores.
Vandenbossche et al. [39]: A Belgian Study at Investigated Whether Sequence Learning Was Diminished in PD Patients with FOG, with Participants Completing a Serial Reaction Time Task with Random or Sequenced Block Conditions.
ough the mean HADS-A score was higher in freezers than that in nonfreezers and controls, an independent t-test did not yield any statistically significant differences between these groups. e study discovered significant impairments in automaticity in PD patients with FOG, but no significant differences or association between anxiety levels and FOG in PD patients.
Heremans et al. [40]: A Study Conducted in a Belgian Population to Explore Handwriting Differences in PD Patients with FOG.
e mean HADS-A score was higher in freezers than that in nonfreezers, but this difference was not statistically significant. e study discovered writing was more severely negatively impacted in PD patients with FOG compared to PD patients without FOG, and the HADS-A scores did not differ significantly between these groups.
Stefanova et al. [41]: An Experimental Study Performed in a Serbian Population to Explore Whether Attentional SetShifting and Inhibitory Control
Were Associated with FOG in PD. HAMA differences between freezers and nonfreezers were not statistically significant. e study concluded specific attentional set-shifting dysfunctions were associated with FOG in PD, but no significant differences were apparent in anxiety measures between freezers, nonfreezers, or healthy age-and sex-matched controls. e study ultimately provided neuroimaging evidence for increased baseline striato-limbic connectivity in freezers compared to nonfreezers. e anxiety outcome measure (Item 21 of PDQ-39) was not significantly different in freezers vs. nonfreezers and did not correlate significantly with striato-limbic connectivity, with the study authors noting a thorough assessment of mood disturbance had not been performed and recommending further research to explore the underlying pathophysiology of anxiety-induced FOG.
Lagravinese et al. [43]: An Experimental Study Performed in an Italian Population to Examine the Effect of Emotional Stimuli on Gait in PD Patients with and without FOG.
Mean BAI scores were lower in the PD-FOG+ group than those in the PD-FOG− group and higher than those in the ELD group. ese differences were not statistically significant. e study concluded that emotional valence of stimuli affected gait initiation in the PD-FOG+ group compared to PD-FOG-patients and healthy controls, but anxiety measures did not differ significantly between these groups.
Discussion
To our knowledge, this is the first systematic literature review to summarize research findings on the association between anxiety and freezing of gait in PD. Most studies revealed that higher ratings on anxiety subscales were significantly correlated with FOG presence in PD and/or severity, with 16 of the 26 studies indicating a relationship between anxiety outcome measure and presence or severity of FOG.
Design.
Nine of the included studies used age-matched controls: [24, 30, 31, 36, 37, [39] [40] [41] 43] . Of these studies, only Vandenbossche et al. [30] and Kostic et al. [31] reported statistically significant differences between anxiety outcome measures and FOG severity. Apart from Yao et al. [24] , the primary focus of these age-matched control group studies was not anxiety. is review lacks a consistent evidence base of research comparisons to age-matched controls, and a comparator control group with anxiety levels as the primary objective of the research is greatly needed in further research of this topic. Additionally, 46% of the reviewed studies were observational in nature (n � 12). Of these observational studies, nine found a significant relationship between FOG presence or severity and anxiety outcome measure in PD patients, but only four of these had a longitudinal design. More prospective longitudinal designs are needed to further examine the causative role of anxiety in FOG development.
4.2.
Anxiety. Significant heterogeneity existed in terms of the anxiety subscales used. Conflicting reports exist regarding the validity of these subscales in PD. e HADS-A, while useful as a screening tool for anxiety, has been criticized for lack of specificity in distinguishing depressive and anxiety symptoms in PD [44] . A Rasch analysis performed by Forjaz et al. [45] determined that the HADS-A was not suitable for assessing anxiety in PD, and evidence from multiple review articles corroborates this finding [46, 47] . A systematic literature review of studies that performed a latent factor analysis of the HADS published between 2000 and 2010 suggested that both its underlying structure and ability to detect depression or anxiety were uncertain [48] .
Given that the HADS-A was the most commonly implemented anxiety outcome measure in this literature review, the questions of its applicability to PD are particularly relevant. Six of the eleven studies that implemented the HADS-A in this literature review demonstrated a significant relationship between FOG and anxiety: [19, 20, 22, 26, 30, 33] . Ultimately, an inconsistent pattern emerged with a wide range of associations between HADS-A and FOG presence/severity. On the one hand, Ehgoetz Martens et al. [26] and Pimenta et al. [33] suggested that the HADS-A score could potentially be a screening tool for FOG development based on the high predictive power of the score in their sampled populations, while on the other hand, Perez-Lloret et al. [34] and Hall et al. [35] reported no significant HADS-A differences between freezers and nonfreezers in their cohorts. Furthermore, Perez-Lloret et al. [34] required a score ≥7 on the scale to meet study criteria for anxiety, Pimenta et al. [33] required a score ≥8, and Burn et al. [22] required a score ≥11. A more consistent consensus on specific HADS-A criteria for anxiety would facilitate direct comparisons between studies more effectively, and more research needs to investigate both its suitability for PD patients and its association with FOG.
ese same points can be made in relation to the other anxiety scales used. While some literature recommends the BAI as a more comprehensive and valid assessment of anxiety symptoms in PD [46] , others report unsatisfactory interitem correlation, convergent validity, and factorial structure [49] . It is also noted that the BAI's item content is weighted towards physical symptoms of panic attacks as opposed to generalized anxiety. While the BAI showed some promising utility in Rahimi et al.'s small sample in predicting FOG treatment success [25] , the remaining three studies that incorporated the BAI did not demonstrate a significant relationship between anxiety and FOG presence, and the conflicting evidence of its validity in PD is reminiscent of the issues encountered with the HADS-A. e same can be said for the HAMA-the second most common anxiety scale used in our review. Leentjens et al. [44] determined that the HAMA possessed satisfactory interitem correlation, convergent validity, and factorial structure. However, the positive predictive value of 0.63 was deemed poor. HAMA has also been criticized for bias towards persistent symptoms of anxiety as opposed to episodic anxiety or avoidance behaviour [49] . In our literature review, a significant association between HAMA and gait freezing was reported in three of the eight papers that used it (Ou et al. [21] , Lieberman [23] , and Kostic et al. [31] ).
Many of the studies that used the HAMA also used the HAMD-a scale designed to quantify depressive symptoms. While we did not include the total HAMD score as part of our analysis, the HAMD-A component of the scale was investigated and reported in our results. Much like the HAMA, a factor analysis of the HAMD in PD revealed an unsatisfactory factorial validity, questioning its ability to assess the anxiety domain of the subscale in PD [50] . An interesting finding emerged in both Zhang et al. [18] and Yao et al.'s [24] papers: FOG development was associated with HAMD-A, but not HAMA scores. We considered this a positive relationship between anxiety and FOG for the purposes of this literature review, but these discordant findings between scales that are designed to measure similar symptoms speak to the issue of variable anxiety detection as a function of scale. In addition, these contrast with Ou et al. [21] , Lieberman [23] , and Kostic et al.'s [31] results wherein HAMA scores were significantly higher in freezers than those in nonfreezers. It is thus still unclear whether FOG is significantly linked to HAMA scores.
Of the remaining scales, the STAI used in Ehgoetz Martens et al.'s study [32] has evidence of discriminant and convergent validity [51] , but consensus exists in the literature that its applicability to PD needs to be investigated further [46, 47] . Interestingly, no significant differences between PD patients with and without FOG were illustrated by the baseline STAT-I in their study, but self-reported anxiety (collected on the manikin during the virtual reality task) was significantly higher in freezers than that in nonfreezers. is finding suggests that capturing anxiety in FOG is multifaceted and may require a more comprehensive anxiety assessment to adequately assess the phenomena. Similarly, Gilat et al. [42] acknowledge in their paper that their finding of no significant group difference between freezers and nonfreezers in Item 21 of PDQ-39 may be secondary to not thoroughly assessing the baseline mood disturbance of the participants. Using this single 5-point question to quantify anxiety is limited in scope, and more comprehensive measures should be used when assessing anxiety in this context. Finally, Leentjens et al. [49] developed the Parkinson Anxiety Scale (PAS) used by Ehgoetz Martens et al. [29] . is is the most recently developed anxiety scale of the six and reportedly possesses superior validity and encompasses PDspecific anxiety symptoms more effectively by assessing three types of anxiety: persistent, episodic, and avoidant. e significant association between PAS scores and the anxious subgroup of gait freezers identified by Ehgoetz Martens et al. [29] warrants further study to further explore the validity and reliability of this scale. e Geriatric Anxiety Inventory is another scale that has been recommended specifically for use in PD patients [47] but was not used by the studies in this literature review. In light of neuroimaging data that suggest the HAMA and STAT-I measure different aspects of anxiety [52] (with the HAMA related to the subclinical expression of anxiety disorders and the STAT-I related to underlying personality characteristics conducive to anxiety), it is important to implement a scale that fully accounts for different anxiety variants, standardize the anxiety outcome measure that is ultimately used, and ensure its construct validity is suitable for PD patients with FOG in future research.
FOG.
irteen studies implemented differing approaches to FOG identification, in that FOG was deemed present by either self-reported measures, family member accounts, or direct neurologist observation.
is variable approach to detection stems from the episodic nature of FOG, a characteristic which reportedly makes detection of the phenomena difficult, impedes standardization of assessment, and limits generalizability of research [53] . In keeping with this, multiple studies in this review list recall bias secondary to self-reported measures of FOG as a limiting factor in their respective papers [18, 20, 21] . Although portions of the UPDRS and FOG-Q are convenient, valid, and widely used tools for assessing FOG symptoms in large numbers of participants, the potential for observation bias is well documented [46] . Seven papers in this review implemented the nFOG-Q, a scale largely based on the FOG-Q which shares the same susceptibility to recall bias. However, Nieuwboer et al. [17] report that the nFOG-Q is a reliable tool to screen FOG and can detect FOG that has previously occurred in the home environment-a benefit not conferred by experimental paradigms which elicit FOG in a laboratory setting.
Six of the studies [25, 28, 29, 32, 36, 42] approached the issue of FOG detection by combining self-reported measure with direct observation in a laboratory setting. is approach is in keeping with recommendations of Nonnekes et al. [54] , who posit that both objective and subjective measures of FOG are necessary to account for the multifactorial nature by which FOG presents. is also allows for an appropriate degree of standardization. Each study implemented a different protocol for their objective FOG measurements, and all six corroborated their experimental findings with selfreported measures. In this subset of studies, four out of six demonstrated a significant relationship between FOG and anxiety. ese studies are especially innovative with their various approaches to objectively measuring and at times consistently inducing FOG.
A standardized method of FOG elicitation and assessment that combined subjective and objective measures would allow more direct comparisons between studies to be drawn. Notably, the newly designed C-FOG used by Ehgoetz Martens et al. [29] delineates multiple phenotypes of FOG, and the significant findings of this paper warrant attention. A more comprehensive and nuanced assessment of FOG presentation, standardization of these scales in future research on anxiety and FOG, and consistency in outcome measurements mark important future directions of research that could identify anxiety as a potential treatable biomarker in the pathogenesis of FOG [29] .
Neural Correlates.
Neuroimaging research included in the review largely supports the implication of anxiety as both a prodromal symptom of PD and an important independent contributor to FOG pathogenesis.
e cross-talk model suggests that increased limbic load (secondary to higher levels of anxiety and competing inputs) could precipitate FOG by overloading the striatum, interfering with normal basal ganglia motor processing [55] . is model aligns with the neuroimaging results from the study of Ehgoetz Martens et al. [28] , Gilat et al. [42] , and Rubino et al. [38] . Ehgoetz Martens et al. [28] characterized three unique phenotypes of FOG using behavioural measures and neuroimaging of the limbic corticostriatal pathway [28] , Gilat et al. [42] demonstrated enhanced baseline striato-limbic connectivity in freezers vs. nonfreezers [42] , and Rubino et al. [38] found evidence for volume loss in the posterior parietal cortex contributing to FOG. Most pertinent to this literature review, HADS scores in the study of Ehgoetz Martens et al. [28] were significantly associated with increased coupling between the limbic network and ventral striatum/cognitive control network within the anxious subtype of FOG. Future investigations should further ascertain the degree to which anxiety impacts functional connectivity in FOG.
Conclusion
A growing body of literature has linked anxiety to the presence, severity, and progression of FOG in PD patients, adding a neuropsychiatric element to what was once thought to be a solely motor phenomenon. e majority of the observational studies in this literature review with anxiety as a primary outcome relate anxiety to FOG, and these results are supplemented by experimental paradigms where anxiety-inducing environments reliably elicit FOG, anxiety levels significantly predict response to pharmacological management of FOG, and anxiety levels predict specific FOG phenotypes based on neuroimaging. A review of this literature reveals conflicting findings perhaps attributable to variable and potentially suboptimal anxiety and FOG measures in PD. Establishing a standardized anxiety scale suitable for PD should be of primary importance in future research on this topic. Recent successes with evoking FOG in an experimental setting in tandem with self-reported measures are encouraging. Future studies should incorporate both self-reported and objective assessments of FOG. e latter should be investigated in settings that have potential to induce FOG, increasing the frequency with which this symptom can be observed. Furthermore, the current state of evidence does not permit causal statements regarding the relation between anxiety and FOG. Future designs should aim to expose and critically test the nature of this relation between these two variables. Understanding the determinants and underpinnings of FOG is important as this could lead to novel treatment options for this relatively intractable symptom that is minimally responsive to dopaminergic or surgical therapies.
